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(54) Procedure for partitioning control functions in distributed systems. 



(57) Procedure for partitioning control functions in 
distributed systems, particularly for the execution of 
sequential logic functions, the distinctive feature of 
which consists in the fact that it includes the phases that 
consist in: 

starting with a representation, in the form of a 
weighted graph with nodes and arcs, of global con- 
trol logic functions for a distributed system 
expressed in a formal language, completing the 
graph with further nodes representing the devices 



physically present in the system and arcs repre- 
senting a logical connection between the existing 
devices and nodes in the weighted graph; 

automatically partitioning the weighted graph, now 
completed, assigning each node of the graph to the 
devices present in the system obtaining device 
functions; and 

compiling the device functions, having previously 
added synchronisation codes for reinserting the 
execution sequence present in the control logic 
functions. 
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Description 

The present invention concerns a procedure tor 
partitioning control functions in distributed systems. In 
particular, the present invention concerns a procedure s 
for partitioning control functions that is particularly, but 
not exclusively, suited to the control of high, medium 
and low voltage distribution networks. 

As is known, the control of a multiplicity of remote 
devices is normally implemented in, for example, a high, 10 
medium or low voltage network, by a central control unit 
for controlling the various different devices (such as 
sensors and actuators for example) using point to point 
connections. 

The central control unit collects the information on is 
the system from the field (status of circuit breakers, 
measurements of electrical parameters, current sen- 
sors, voltage sensors and generators, etc.), carries out 
suitable processing on the data obtained and is able, if 
required, to send commands automatically to the actua- 20 
tors upon the occurrence of given events. 

It is, therefore, currently necessarily to have a cen- 
tral control unit physically present to provide global com- 
mand of the system with consequent increases in costs, 
limited operating efficiency (where the response times zs 
of the peripheral devices controlled are concerned), as 
well as problems of reliability for the system since its 
control is entrusted entirely to a single controller. 

An improvement on the technical solution 
described above is obtained by the use of so-called so 
"distributed systems" that enable the central program to 
be executed on a multiplicity of different intelligent 
devices (i.e. equipped with a microprocessor and suita- 
ble software), which cap even be located in remote posi- 
tions from one another and are connected by a ss 
dedicated communication line. This communication line 
is generally known as a "field bus". 

A central control program for the different devices 
must therefore be partitioned manually in order to 
assign each device the portion of program code for it 40 
that must be executed by that particular device. 

In addition, the installer of the system must physi- 
cally create the programs for each device, which is to 
say the relevant portion of program code for controlling 
its actuation, starting from the main program present in <s 
the control unit 

This involves significant costs in man-hours and dif- 
ficulties of implementation. 

The main task of the present invention is therefore 
to develop a procedure for partitioning control functions so 
in distributed systems that is implemented in automatic 
mode without requiring manual intervention to create 
the dedicated programs for each device. 

One aim of the present invention, as part of this 
task, is to develop a procedure for partitioning control 55 
functions in distributed systems that makes it possible to 
eliminate the central control unit 

Another aim of the present invention is to develop a 



procedure for partitioning control functions in distrtouted 
systems that enables different peripheral devices to 
execute their related program portions in parallel. 

A further aim of the present invention is to develop 
a procedure for partitioning control functions in distrib- 
uted systems that makes it possible to reduce the exe- 
cution times of the related program portions, optimising 
the response times of the individual devices. 

An additional though not the final aim of the present 
invention is to develop a procedure for partitioning con- 
trol functions that is highly reliable, relatively easy to 
implement and offers competitive costs. 

This task, together with these and other aims that 
are set forth in greater detail hereinafter, are achieved 
by a procedure for partitioning control functions in dis- 
tributed systems, particularly for the execution of 
sequential logic functions, characterised by the fact that 
it includes the phases that consist in: 

starting with a representation, in the form of a 
weighted graph containing nodes and arcs, of glo- 
bal control logic functions for a distributed system 
expressed in a formal language, 

completing the graph with further nodes represent- 
ing the devices physically present in the system and 
arcs representing a logical connection between the 
existing said devices and said nodes in the said 
weighted graph; 

automatically partitioning the said weighted graph, 
now completed, assigning each node of the said 
graph to the devices present in the system obtain- 
ing device functions; and compiling the said device 
functions, having previously added synchronisation 
codes for reinserting the execution sequence 
present in the said control logic functions. 

Further characteristics and advantages of the 
invention will emerge from the description of a preferred 
but not exclusive form of the procedure as in the inven- 
tion, illustrated purely by way of example without limiting 
any other possible form of the invention in the attached 
drawings, in which: 

Fig. 1 is a block diagram of a generic distributed 
system in which the different devices are connected 
to one another by a field bus; 
Fig. 2 is a block diagram of the various different 
phases in the automatic partitioning procedure as 
in the present invention; 

Fig. 3 is a representation, provided by way of exam- 
ple, of a weighted graph in which the nodes are 
assigned to the different devices and program vari- 
ables of the distributed system, as in the present 
invention; 

Fig. 4 is a block diagram of an example phase in 
which the graph is partitioned as in Fig. 3; and 
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Fig. 5 is a block diagram of the added synchronisa- 
tion code phase for timing the execution of different 
program portions assigned to the related distrib- 
uted devices. 

5 

With reference to the aforesaid figures, and assum- 
ing the case is one of sequential logic control, Fig. 1 
shows a block diagram in which devices la-lh, 
equipped with microprocessors and installed following a 
distributed logic, are connected to one another using a w 
field bus 2 that enables data to be carried from one 
device to another. 

Fig. 2, on the other hand, is a diagrammatic illustra- 
tion of the various different phases in the procedure as 
in the present invention that starts with a first phase in is 
which the global control logic functions of the entire sys- 
tem (an electrical distribution line and its devices, for 
example, as set forth above), described using a suitable 
programming language, are translated into a graph-type 
format that will then be used for the subsequent parti- 20 
tioning of the global logic functions. 

in Fig. 2, reference number 3 indicates the global 
logic functions described using a programming lan- 
guage, reference number 4 indicates the translation 
phase of the global logic functions into graph form and 2s 
reference number 5 indicates the obtaining of the graph. 

The graph obtained in this way is a weighted graph 
in that each arc connecting two nodes of the graph to 
one another is assigned a weight following predeter- 
mined rules, as described hereinafter. 30 

This graph form translation phase may not be 
present if a programming language is used that is, for 
example, able to represent a given program consisting 
in a logical sequence of instructions directly in the form 
of a graph. 35 

Thus the translation into graph form would not be 
necessary if a suitable programming language is used, 
that could also be created specially for the purpose. 

The construction of the graph, indicated by way of 
example in Fig. 3 with reference number 6, is based on ao 
the following rules. 

Every elementary instruction or group of instruc- 
tions in the program that is translated into graph form 
constitutes a graph node (called an instruction node) 
and similarly every program variable constitutes another 45 
graph node (called a variable node). 

This translation into graph nodes is illustrated by 
way of example in Fig. 3, in which the graph, indicated 
by reference number 6, includes both instruction nodes 
and variable nodes (and device nodes as described so 
hereinafter) and arcs. 

For simplicity's sake, the graph nodes have been 
indicated by reference numbers 7a-7f without distin- 
guishing between function nodes and variable nodes. 
The number of graph nodes is obviously not limited to 55 
the number shown in Fig. 3. but depends on the pro- 
gram that needs to be translated. 

The arcs in the graph have different meanings 



depending on whether the arc connects a variable node 
and an instruction node to one another or two instruc- 
tion nodes to one another. In the former case, the arc 
indicates that the instruction (defined by the instruction 
node) uses that variable (defined by the variable node) 
and the arc is known as a data flow arc. 

In the second case, on the other hand, the arc 
descrfoes the fact that the second instruction (indicated 
by an instruction node) is executed after the first instruc- 
tion (indicated by an instruction node) and is known as 
a control flow arc. 

The weights assigned to each arc indicate the 
"cost" that must be borne to connect the two nodes that 
form the arc's starting point and destination point to one 
another. 

Different criteria can be followed to assign the cost, 
including, for example, evaluating the average time 
delay due to the need to transfer the data using the field 
bus 2. In this case, for example, it is possible to define 
the weight for the data flow arcs as the average time 
required to transfer a variable (defined by the variable 
node) on the network. The average transfer time 
depends on the characteristics of the communication 
network (field bus 2). 

The weight of the control flow arcs, on the other 
hand, can, for example, be defined as the average time 
required to transfer control to another device. 

It is naturally possible to use other procedures for 
assigning the weights, which differ from the procedure 
described above. 

The graph 6 obtained in this way is at this point 
completed with information on the system's distributed 
devices. New nodes are added to the graph for this pur- 
pose, which represent the physical devices available 
(indicated by reference numbers 8a, 8b and 8c in Fig. 
3). 

The graph completion phase is indicated by refer- 
ence number 9 and makes it possible to define the 
topology of the distributed network by specifying the 
devices present. 

A number of the variables previously defined as 
nodes are input or output variables of a given device 
and these nodes are therefore connected to the related 
device using an arc marked in Fig. 3 by the symbol °o 
indicating a weight of infinite value. An infinite weight is 
then assigned to the arc connecting the variable node to 
the device node. 

For example, in Fig. 3. the weight «j is assigned 
across device nodes 8a, 8b and 8c and variable nodes 
7c, 7b and 7d respectively. 

Fig. 3 thus illustrates the weighted graph obtained 
after the translation phase 4 and the completion phase 
9. 

After the graph has been created, a phase 10 for 
partitioning the graph itself is carried out, that enables 
the graph to be partitioned, assigning each node of the 
graph (corresponding to the global logic functions) to 
one of the devices in the system. 
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Each possible partition is assigned a cost that is the 
sum of the arcs connecting nodes that are assigned to 
several devices, as illustrated in Fig. 4. 

For example, the cost of the example partition in 
Fig. 4 is 60+60+60+20=200, obtained considering the s 
cost of the so-called broken arcs, which is to say the 
arcs that connect one set of nodes to another set after 
partitioning. 

In practice, the set of nodes assigned to a device in 
the system represents a portion of the global logic tunc- 10 
tions that will subsequently be referred to a device func- 
tion, indicated in Fig. 2 by reference number 1 1 (Fig. 4 
contains device functions 11a, 11b and 11c defining a 
set of nodes of devices 8a, 8b and 8c respectively). 

The optimal partitioning of the graph will be the par- is 
trtioning out of all the different possible partitions that 
can be envisaged with which the minimum cost is asso- 
ciated. Said minimum cost is not the absolute minimum 
theoretically attainable, but is the one obtained using a 
minmization algorithm having a reasonable complexrti. 20 

The objective of assigning each node of the graph 6 
to a device following a minimum cost logic regarding the 
weights of the broken arcs for the connection of nodes 
belonging to different devices can be achieved by opti- 
mising an objective function F= EX P • • D |j , in which 2s 
Pjj is the weight of a genetic arc i-j and D t j is a function 
that indicates whether the arc i-j is broken or not. 

The optimisation of the said objective function can 
be achieved by using a suitable known partitioning algo- 
rithm, such as, for example, the algorithm known as so 
"branch and bound", or another algorithm. 

After the partition phase 10, the program code 
associated with a device function 11 {1 ta-1 1 c), is com- 
piled in such a way that it can be executed in the corre- 
sponding device. 35 

In order to achieve correct execution of the global 
program partitioned in this way in the various different 
devices, it is necessary to insert synchronisation code 
and variables by the broken arches that makes it possi- 
ble for the different portions of program code assigned 40 
to the different devices to be executed maintaining the 
original sequence present in the initial global program. 

This phase is carried out for arcs that connect 
instruction nodes to one another in order to assign a 
sequence to the different instructions. <s 

For instance, in a very simple case, following execu- 
tion of the code for node A of device 8a, for example, a 
boolean synchronisation variable 13 is set by the syn- 
chronisation code 12a said variable 13 being then trans- 
mitted to the device 8b. 60 

Device 8b in its turn waits for the boolean variable 
13 to be set (synchronisation code 12b), after which it 
resets this boolean variable and executes the code for 
node B of device 8b. 

The synchronisation code, indicated genetically by ss 
the reference number 12, thus makes it possible to rein- 
sert the time sequence of the instructions present in the 
original global program. 



The phase^marked by reference number 14 in Fig. 
2 corresponds to the extraction of the portion of code for. 
each device and the insertion of the necessary synchro- 
nisation code. The phase 14 may possibly request the 
use of information contained in the source code 3. 

The step involving the extraction of the portion of 
code corresponds to a conversion of the portion of par- 
titioned graph into a program code that can be inter- 
preted by a normal compiler and can therefore be 
executed. 

This "decoding" step could be eliminated if one has 
a compiler that is able to read a program code in the 
form of a partitioned graph. 

It has been noted in practice that the procedure as 
in the invention performs its predetermined task in every 
way since it enables control functions to be partitioned 
automatically, assigning each distributed device, 
equipped with its own microprocessor, the portion of 
program code for it, starting from a global control pro- 
gram. 

It is in this way possible to eliminate the fixed-central 
control unit usually employed in the known systems and 
to instead perform an installation using a controller 
(installation "tool") that does not subsequently remain 
physically present in the field but is taken away at the 
end of the installation. 

The procedure conceived in this way is open to 
many modifications and variants, all of which fall within 
the concept of the invention. Furthermore all the details 
may be substituted by other elements that are techni- 
cally equivalent. 

Claims 

1. Procedure for partitioning control functions in dis- 
tributed systems, particularly for the execution of 
sequential logic functions, characterised by the fact 
that it includes the phases that consist in: 

starting with a representation, in the form of a 
weighted graph containing nodes and arcs, of 
global control logic functions for a distributed 
system expressed in a formal language, com- 
pleting the graph with further nodes represent- 
ing the devices physically present in the system 
and arcs representing a logical connection 
between the said existing devices and said 
existing nodes in the weighted graph; 
automatically partitioning the said weighted 
graph, now completed, assigning each node of 
the said graph to the devices present in the 
system obtaining device functions; and 
compiling the said device functions, having pre- 
viously added synchronisation codes for rein- 
serting the execution sequence present in the 
said control logic functions. 

2. Procedure as in claim 1, characterised by the fact 
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that the said representation in graph form is 
obtained by translating the said global control func- 
tions written in formal language into graph form, the 
said graph featuring nodes and arcs. 

5 

3. Procedure as in claim 2, characterised by the fact 
that each instruction or group of instructions of the 
said global control functions is represented by a 
node of the said graph, and each variable of the 
said global control functions is represented by a io 
node and arcs that are specified for the connections 

of the said nodes. 

4. Procedure as in claim 3, characterised by the fact 
that the said arcs include arcs both for connections is 
between nodes representing variables and nodes 
representing instructions, and for arcs connecting 
two instruction nodes. 

5. Procedure as in one or more of the above claims, 20 
characterised by the fact that a weight is assigned 

to each arc connecting two nodes in order to obtain 
a weighted graph, with the said weight representing 
the cost resulting from the fact that the said two 
nodes are allocated to two different devices of the zs 
said distributed system. 

6. Procedure as in one or more of the above claims, 
characterised by the fact that the said graph com- 
pletion phase involves the addition of further nodes so 
to the said graph representing the devices physi- 
cally present in the distributed system. 

7. Procedure as in one or more of the above claims, 
characterised by the fact that the device nodes are 35 
connected using arcs to certain nodes representing 
variables and to certain nodes representing instruc- 
tions, the said arcs representing a logical connec- 
tion between the said devices and the said nodes. 

40 

8. Procedure as in one or more of the above claims, 
characterised by the fact that the said partitioning 
phase of the said graph is carried out minimising 
the cost of the said graph, the cost corresponding to 
the sum of the costs of the broken arcs, the said as 
broken arcs being arcs that connect nodes allo- 
cated to different devices to one another. 

9. Procedure as in one or more of the above claims, 
characterised by the fad that the said phase for so 
compiling the said device functions obtained follow- 
ing partitioning of the said graph includes translat- 
ing the said graph portions assigned to the various 
different devices in order to obtain a program code 

in executable format, and adding synchronisation ss 
codes and variables to restore the logical sequence 
of the instructions present in the initial global con- 
trot logic functions. 



1 0. Use of a procedure for partitioning control functions 
as in claim 1 in a distributed system consisting of a 
multiplicity of distributed devices equipped with on- 
board microprocessors, connected to one another 
by a communication channel. 

11. Use as in claim 10, characterized by the fact that 
the said communication channel is a field bus. 
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